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fiKHmp hearing^ moved surface tgpogg^ Ui 



The invention is related to the field of sliding bearing contacts. Such sliding 
contacts are present in various locations of all sorts of machmery,and in particular m 
5 uaebearingcornponents^^ 

and the flange of a bearing ring of a tapered roller bearing. 

Generally.it is desirable to reduce the friction in such slidingbearing contacts. A 
reduced friction enhances bearing life due to the lower temperatures which are 
10 generatedinsemcewith^ 

properties of me lubricant whereby the desired lubricant rlhn^ess in the be^ 
contact can be maintained. Thus, wear of the surfaces in the sliding contact can be kept 

within acceptable limits. 

TJS-A-6 046 430 discloses a sliding bearing comprising two opposite bearing 

15 surfaceswttcnenclosea^ 

moveable with respect to each other in a generally parallel fashion, at least one of sard 
surfaces being provided with at least one cavity, said cavity having a depth whrch rs at 
least equal to the lubricant film thickness. 

In particular, said publication discloses a method for designing load-bearmg 

20 surfaces of bearings. Said surfaces are improved by the presence of micropores wrth a 

diameter of maximally 90 fan. 

The object of the invention is to provide a sliding bearing having a reduced 
fxictionbetween the sliding surface. Said object is achieved in Oat at least one of the 
length and width dimension of the surface area of said cavity amounting to at least 100 

25 Jtita. 

Prefarably, at least one of the length and width dimensions amounts to at least 
1000 pm. More preferably, at least one of the length and width dimensions amounts to 

at least 5000 jan (fig. 5, 6). 

Preferably, the cavity depth is at least equal to 10 times me lubricant film 
30 thickness. Even better results are obtained in case the cavity depth is at least equal to 20 
times the lubricant film thickness. A cavity depth up to 30 times the lubncant film 
thickness about represents the embodiment which still has a noticeable useful 
contribution to friction reduction. 
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Furthermore, it appear* * be favouran.e in case foe sum of the surfcce area, « 
cavities of one and the same bearing surface ttnounts «o a, least 15% of the contarf area 
o^Lhtg sutfoces. On foe other hard, the sum of foe surfoce areas of « ~~ of 
rand^es^b^sa.fi.eshoaMa.nonntloatn.os.SO./.of^conUctaxeaof 

5 the bearing surfaces. . ^ 

Furthermore, it appears to be uaeful in case foe total eavity areara "ed 
^^xe^oneoavity.F^ly.at.eaatoneof^^tasat.eastAeavme. 

Frathennore, at most 8 cavities should be applied. _ 
fcc^oneandomyonecavi^ispro^.aidcavityisprefeablypo^oned 

10 appreAnarelyatequaldU^ncesfiomdremletandmeouttet 

to case at teas, two cavities are provided, the distance between the fonnos. cavrty 

outlet. The center of a cavity or of a g^up of cavities maybe located at a usance of 
O6to0.8timesthebearinglengthfromtheinlet.. 

0,01 Aim to 10 pen.. nf 

20 according to the state of tne art 

H^aahowaalongiti^cross-se^onn^aaUdingbeaBnga^tdmg 

to the invention. , , 

Figure 3 show, a graph containing foe pressure as taction of foe .engfo along me 
bottomwaUoffoesndingbeanngaccordingtofigure2. 
25 Figure 4 showa a graph containing fire dependence of the friction coeffioents on 

the depth of the eavity of the sliding bearing according to figure 2. 

Figure 5 shows a graph omtahnng the pressure distribution for all cases, 
aa for the two-dimensional Reynolds case, along foe lower surface. 
Fi"ure6showsadetailonalargerscaleoffigure5. 
30 Figure 7 shows a graph comparing foe friction coefficients for all cases for both 

foe top wall of foe cavity parallelto foe stationary upper surface andparallelto foe 
lower, moving surface. 
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Figure S shows a graph containing the «ction ccffioient ratio for different 
""sLta^eo— 

«. two^mensional Reynolds case wifl. the pocket in different position*. 

^^showse^— — 
poinding *e two-dimensional ReynoMs ease, wherein the cavrty area . 25 /. 

^"C^showsa.pviewort.enpperwa.iofa^di— —en, 

of the sliding bearing acoordingto the invention. 

Figure ,3 shows a graph containing *e pressure distribution along the lower 
surface of the sliding bearing according to Sgure 1 2, for y - 0 nx 
Finore 14 shows a further embodiment with two cavities. 
FiSrre 15 shows a me pressure distribution for me embodtment 

offlgurel4alongmelowersurfaoefory=0m. 

^Wel.aso-calledinfimtelylongunear wedge ofapriorartshdmgbeanngts 

shown. Tmsslidingbearinghas alowermember 1 

aesnerespectivelyaiower bearing surface 3 and an upper bearing surface 4. Between 
me surfaces 3, 4, a fflm 5 of a suitable lubricant, e.g. an A is enclosed. It ts spurned 
tat me lower member 1 moves into the right direction with respect to me upper 
member 2 in figure 1. As a res*, there is a movement of the film S through gap 6 
dc6 uedbe«veeati>emember S 1, 2. particular, the fcbrican, film 5 moves through the 
gap 6 from the inlet 7 thereof towards the outlet 8. 

As will be clear from figure 1, at the entrance 7 the maximum thictaess ofthe 

6 is indicated by B. The velocity of the lower member 1 with respect to the upper 
n.ember 2 is indicated by U. The Cartesian coordinates x and z nave been indicated as 

It is observed that figure 1 is related to a two-ciimensional case, which means that 
no account is taken of the other Cartesian coordinate y. 
The friction coefficient is defined as 
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well. 
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and by expressing the friction coefficient through dimensionless values for load and 
friction, the following fonnnla is obtained: 



Figure 3 shows thepiessures on the bottom wall forthetwo-dunensionalhnear 
wedge according to figure 1, both obtained from the prior art Reynolds' solution grven 
before as well as from numerical results obtained by computational fluid dynamics 
computations according to the invention. 

la the embodiment according to figure 2, a cavity defined by a depth h 3 , is 
present in the upper surface 4. Table 1 provides the results for the case wherein the top 
wall 9 of the cavity 10 is parallel to the moving wall. Moreover, it has been assumed 
that the upper surface 4 of the gap 7 is parallel to the moving bottom wall 3. As there is 
uo analytical solution for this geometry, only numerical results for the total load 16 and 
for the total friction 17 are available. These results are given in table 1. Prom this table 
1 and from figure 4 it is clear that the friction coefficient drops as the height of the 
cavity h3 increases. 
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12.5 . 10" 
15 . 10" 
20 - 10^ 
30 . 10^ 
40. 



611860 
611353 
610857 
610466 
610340 



120.851 
118.494 
115.625 
113.148 
112.56 



0.0255 
0.0255 
0.0255 
0.0254 
0.0254 



0.604 
0.592 
0.578 
0,566 
0.563 



1.975e-4 
1.938e-4 
1.893e-4 
1.853e-4 
1.844e-4 



0.812 
0.797 
0.779 
"67762 
0.759 



5 In a further case, it is assumed that the top wall 9 of the cavity 10 is parallel to the 

stationary wall 4. The results of this case are presented in table 2. 
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Table 2 



Height of 
the cavity 
[m] 


Load 
[mPa] 


Friction 
[mPa] 


Dimless 
load 


Dimless 
friction 


Friction 
coeff 


Coeff. 
ratio 


H 3 


W/L 


F/L 


w* 


F* 


M 


fl/fl2DRey 


0 


63A212 


153.143 


0.0264 


0.766 


2.42e-04 


0.993 


3.5 . 10-° 


625196 


144.504 


0.026 


0.723 


2.31e-04 


0.951 


5 . 10"° 


618963 


139.932 


0.0258 


0.7 


2.26e-04 


0.93 


5.5 .10-° 


617726 


137.749 


0.0257 


0.0689 


2.23 e-04 


0.917 


10 . 10^ 


612755 


124.579 


0.0255 


. 0.623 


2.03e-04 


0.836 


12.5 . 10* 


611845 


120.992 


0.0255 


0.605 


1.98e-04 


0.814 


15 . \<r 


611395 


118.595 


0.0255 


0.593 


1.94e-04 


0.798 


20 . 10-" 


610866 


115.684 


0.0255 


0.578 


1.89e-04 


0.779 


30 . 10"° 


610485 


113.177 


0.0254 


0.566 


1.85 e-04 


0.763 


40 . 10'° 


610340 


112.58 


0.0254 


0.563 


1.85e-04 


0.759 



5 Figure 5 shows the pressure distribution along the bottom wall for all cases which 

are listed in table 1. Figure 6 shows the region around the maximum pressures of figure 
5 on an enlarged scale. 

Figure 7 shows a comparison between the friction coefficient for the case with 
the top wall 9 of the cavity 10 parallel to the stationary upper surface 4, and with the 
10 top wall 9 of the cavity 1 0 parallel to the moving lower surface 3. It is noted that in the 
case of shallow cavities minor differences occur between these cases, but that for the 
case of deep cavities 10 the results are very similar. 

Furthermore, the effect of the location of the cavity 10 as defined by the distance 
Bv has been studied. Table 3 shows the results for calculated load, fiiction and fiiction 
15 coefficient. From this table 3 it is clear that the position Bi at which the friction 

coefficient is minimal is around the middle of the length of the gap 6. This effect is also 
clearly shown in figure 8. 

The pressure distribution for these cases and me two-dimensional Reynolds' case 
along the lower surface 3 is shown in figure 9. 
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Table 3 




10 



lathe case of figure 2, a single cavity 10 is present in the stationary upper surface 
4 covering about 25% of the total length B of the sliding bearing. In a further case 
shown in figure 10, four cavities 9 having a length B p have been applied, also covermg 
about 25% of the total length B of the sliding bearing. The cavities are evenly spaced at 
distances B f . Three different cases have been studied, each having an other distance B 1 
for the first cavity 10 from the inlet 7 of the gap 6. The results for these three cases are 
presented in table 4. 



Table 4 



Position of 
the cavity 
[m] 


Load 
[mPa] 


Friction 
[mPa] 


Dimless 
load 


Dimless 
friction 


Friction 
coeff. 


Coeff. 
ratio 


B, 


W/L 


FfL 


W* 


F* 


/* 




1.875 . 10"^ 
even spacing 


487415 


112.161 


0.0203 


0.561 


2.301 e-T 1 


0947 


2.5 . 10" a 


472362 


102.226 


0.0197 


0.511 


2.164e-4 


0.890 


7. 10^ 


580376 


109.345 


0.0241823 


0.546726 


1.884e-4 


0.775 
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p^tofl^n^gete^toWo-dim^R^^tt is dearth* 

a smaller distance Bi fiom the first cavity 10 to the Wet 7 does hot lead to a reduchorr 

in title friction coefficient 

Afurthex case was studied, provided with eight cavities 10 having a length B, 
which total to about 50% of the length B of the sliding bearing. Table 5 shows that such 
geometry does not lead to further" reduction of the friction coefficient. 
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Table 5 



Position of 
the cavity 
[m] 


Load 
[mPa] 


Friction 
[mPa} 


Dimless 
load 


Bi 


W/L 


F/L 


W* 


5.10" 


353811 


115.4981 


0.0147 


10 . 10" 


333489 


102.951 


0.0139 


20 . lO" 
40 . 10" 


325079 
322323 


87.594 
79-137 


0.0135 
0.0134 



Dimless 
friction 



0.577 



0.515 



0.438 
0.396 



Friction 
coeff. 



3.264e-4 



3.087e-4 



2.694e-4 
2.455e-4 



Coeff. 
ratio 



1.343 



1270 



1.108 
1.010 



The previous studies have all been related to two-dimensional cases. 
Subsequently, thebehaviour of a three-dimensional linear wedge sliding beam* wxth a 
single cavity is studied. The lay-out in top view thereof is shown in figure 12. 
Reference L indicates fte bearing widft. U defines fte distance of the cavity 10 from 
the lateral boundary of the sliding bearing gap 6, L, defines the width of the cavxty 10. 

The following magnitudes have been selected: 

B = L = 2 . lO- 2 m 5 Bp = Lr,=l • 10-^,^ = 0.5 . lO^m. 

Table 6 shows the results of the varying distance Bi- The pressure distribution 
along the lower surface for y = 0 m is shown in figure 13. 
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Table 6 



Position of 
the cavity 
[»] 


Load 
[mPa] 


Friction 
[mPa] 


Dimless 
load 


Dimless 
friction 


Friction 
coeff. 


Coeff. 

lallvj 


ft 


W/L 


F/L 


w* 


F* 


M 




0 


275882 


150.011 


0.0115 


0-750 


5.438e-4 


1 


5 . 10" J 1 


219692 


118.527 


0.0092 


0.593 


5.395e-4 


0.992 


7.5 . 10^ 


242436 


116.481 


0.0101 


0.582 


4.805e-4 


0.884 


7.7 . 10" J 


242467 


116.192 


0.0101 


0.581 


4.792e-4 


0.881 


8 . 10° 


241370 


115.671 


0.0101 


0.5784 


4.792e-4 


0.881 


8.5 . 10 J 


234995 


114.561 


0.0098 


0.573 | 4.875e-4 


0.896 



Finally, the embodiment of figure 14 has been studied in which two cavxties oi 
5 similar form and dimensions are applied. These dimensions are: 

B = L = 2.10- 2 m, 1^ = 2. B P = 1.10- 2 m, ^ = 0.5.10"^. 
Table 7 shows the results of varying distances Bi and B 2 , figure 15 the pressure 
distribution along the lower surface for y = 0 m. 



Table 7 



Position 
of Hie 
first 
cavity 
[m] 


Gap 

between 
the pockets 
[m] 


Load 
[mPa] 


Friction 
[mPa] 


Dimless 
load 


Dimless 
friction 


Friction 
coeff 


Coeff. 
ratio 


Bi 


B 2 


W/L 


F/L 


W* 


F* 




fl/frD 


0 


0 


275882 


150.011 


0.0115 


6.750 


5.438e-4 


1 


5 . lO' 3 


2.5 . 10" 3 


230303 


117.07 


0.0096 


0.585 


5.083e-4 


0.935 


6 . 10" 3 


1. 10* 


236121 


117376 


0.0098 


0.587 


4.971 e-4 


0.914 


6.5 . 10* 


1 . 10" a 


237723 


116.784 


0.0099 


0.584 


4.912e-4 


0.903 


6.5 . 10" 3 


1.5 . 10° 


234126 


116.147 


0.0098 


0.581 


4.961e-4 


0.912 


7 . 10' 3 


1 . 10" 


236597 


116.021 


0.0099 


0.580 


4.904e-4 


0.902 


8 . 10* 


0.5 . 10° 


233085 


114.82 


0.0097 


0.574 


4.926e-4 


0.906 
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beaiing surfaces. 

5 



.parallel bearing surfaces, the invention is also related to parallel 
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NOTATION 

hi maximum film thickness (see Fig. 1) 

ho minimum film thickness 

ha height of the cavity (see Fig. 2) 

g bearing length 

L bearing width 

U velocity in the x direction of the bottom wall 
x,y,z Cartesian coordinates 
15 t time(s) 
p pressure 
p density 
7j dynamic viscosity 

kinematic viscosity v - *?/p 



v 



20 W total load 

p total fiiction 

dimensionless load 
dimensionless fiiction 



25 MAIN VALUES 



B 




2 * 10' 2 m 


U 




lm/s 


ho 




1 * 10' 6 m 


30 hi 




2 * 10* 6 m 


P 




103kg/m3 


V 




10" 2 Pas 


V 




lO^n^/s 
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